In some experiments the pH of the agar receivers was also regulated. In these experiments 1.5-mm thick agar plates (1.5%, Difco Laboratories) were dialyzed against 20 mm buffers with a pH ranging from 3 to 9 in whole unit intervals. Transport experiments (see below) were conducted using segments pretreated for 2 h either in 10-s M IAA or in distilled H20. After pretreatment, groups of five coleoptile sections were placed basal end down on agar blocks (3 x 25 x 1.5 mm3). Then single donor agar blocks containing [5-3H]IAA (1.07 TBq/mM; Gifsur Yvette, France) at a concentration of 3 x 10-7 M were applied on top of each section. After 60 min the donors were removed and sections transferred to new receiver blocks. Additional transfers were made at 30-min intervals (total collecting time was 3.5 h). In experiments where pH values of the receiver blocks varied, the total collecting time after application of IAA was 3 h (two 1.5-h intervals). All experiments were done in humid chambers.
Polar auxin transport plays a key role in the regulation of numerous developmental events. These include cell elongation (2, 3) , vascular differentiation (14) , apical dominance (9) , and abscission (8) . Thus, it is not surprising that substantial efforts have been directed towards understanding the mechanism underlying this phenomenon.
The currently favored model for polar transport, the chemiosmotic polar diffusion hypothesis, was first suggested by Rubery and Sheldrake (12, 13) , Raven (10) , and subsequently refined by the work of Goldsmith et al. (4) . This hypothesis states that cells expend energy to maintain a pH gradient across the plasma such that the wall space is acidic relative to the cell's interior. Since cell membranes are more readily permeable to uncharged molecules, undissociated auxin molecules enter the cell by diffusion. Once in the cytoplasm most of these molecules dissociate due to the higher cytoplasmic pH, a phenomenon which permits auxin to be concentrated within the cytoplasm. Since the membrane is relatively impermeable to auxin anions, the continued influx of undissociated auxin leads to an internal accumulation of dissociated auxin. By assuming the basal portion of the plasmalemma is more permeable to the anion (and/or has a greater concentration of auxin-anion carriers) than the apical portion, basipetal polarity of movement of accumulated auxin is achieved.
While the chemiosmotic hypothesis is attractive for a number of reasons and supported by indirect evidence and theoretical calculations, it has not been directly tested, although this should be possible. That is, auxin pulse velocity should be a function of wall pH; velocity should decrease with increasing pH (4) In some experiments the pH of the agar receivers was also regulated. In these experiments 1.5-mm thick agar plates (1.5%, Difco Laboratories) were dialyzed against 20 mm buffers with a pH ranging from 3 to 9 in whole unit intervals. Transport experiments (see below) were conducted using segments pretreated for 2 h either in 10-s M IAA or in distilled H20. After pretreatment, groups of five coleoptile sections were placed basal end down on agar blocks (3 x 25 x 1.5 mm3). Then single donor agar blocks containing [5-3H] IAA (1.07 TBq/mM; Gifsur Yvette, France) at a concentration of 3 x 10-7 M were applied on top of each section. After 60 min the donors were removed and sections transferred to new receiver blocks. Additional transfers were made at 30-min intervals (total collecting time was 3.5 h). In experiments where pH values of the receiver blocks varied, the total collecting time after application of IAA was 3 h (two 1.5-h intervals). All experiments were done in humid chambers.
Radioactivity in used donors, tissue, and receivers was determined by scintillation counting (Beckman 8000). After quench correction by internal standardization, errors and confidence intervals were computed. Each experiment was repeated 5 times. Regression analyses were done by the method ofthe least squares.
RESULTS
Coleoptile sections were pretreated in various ways designed to alter cell wall pH, and their auxin transport capacities were subsequently determined. As shown in Figure 1 , the delivery of radioactivity to receivers over time was similar for all pretreatments with maximum delivery at 2 to 2.5 h.
Since each ofthe measured delivery curves follows a maximum distribution, functions of regression were calculated in order to determine more precisely the time course of transport. The regression analyses yielded the curves and functions shown in transport has to be based on the length of the transport section as well as the time between removing the auxin source and the appearance of the maxima of diffusable radioactivity in the receivers. Based on these considerations, auxin transport velocity was determined as shown in Table I . These data show that, compared to controls, the velocity of transport was reduced by the buffer pretreatments as well as by FC, whereas, CHI increased the velocity of auxin transport. Table I also shows that between 31 and 56% of the applied radioactivity was taken up by the coleoptile sections. Compared to controls, acidification by FC significantly increased uptake whereas a pretreatment with pH 4 buffer showed no effect. Pretreatments with CHI and pH 8 buffer reduced uptake of radioactivity, the buffer being significantly more effective than CHI.
As another way to look at the effect of pH on auxin transport, we performed experiments utilizing receivers stated at pH values ranging from pH 3.0 to pH 9.0. Data show (Fig. 3) that increasing the pH of the receivers, increases the amount of radioactivity delivered. Interestingly, a pretreatment of the tissue with auxin eliminates this phenomenon (Fig. 3) .
DISCUSSION
According to the chemiosmotic polar diffusion hypothesis, auxin pulse velocity should be a function of cell pH (4). Fundamental to interpreting our data vis-a-vis this theoretical prediction, is whether our pretreatments (FC, CHI, buffers at pH 4 and pH 8) actually altered the wall pH. Indirect evidence suggests we were at least partially successful.
First, auxin uptake is influenced by the pretreatments. Data in Table I show that FC significantly increased [3H]IAA uptake whereas CHI and pH 8 buffer reduced uptake. This result is consistent with the well known ability of FC to trigger wall acidification (7) and the ability ofCHI to inhibit proton extrusion which results in elevated wall pH values (1). Second, since wall acidification leads to enhanced cell elongation (1 1), the increased length of the FC-treated segments suggests this agent indeed caused wall acidification. However, lack of a strong growth enhancement by pH 4 buffer (as well as its inability to stimulate IAA uptake) suggests this pretreatment was relatively ineffective in maintaining a low wall pH during the course of the experiment.
Assuming our pretreatments were at least partially effective in altering wall pH, our data do not support the chemiosmotic hypothesis. FC pretreatment did not increase pulse velocity relative to controls. Interestingly, the only treatment which increased pulse velocity was CHI, an agent known to inhibit auxininduced acidification and growth (I 1). Since FC may cause a hyperpolarization and CHI a depolarization of the plasmalemma, it is possible that these changes in the membrane potential could counter any effect of wall pH on auxin transport. However, experiments by Goldsmith, and Rose (5), who attempted to prevent pH changes by FC Figure I were used in these calculations. The functions correspond to the type y = a exp (bx -cx2) with the coefficients given. brane, had no effect on auxin transport. Thus, one might assume that FC and CHI induced changes in the membrane potential are not counteracting the effect of an altered pH of the cell wall.
The total amount of auxin transported after a pretreatment with CHI and FC is the same (see Table I ), although after FC the pulse seems to be broader than after CHI where the peak is higher. Thus, the density oftransportable auxin can be correlated to the velocity of transport. This indicates that parameters other than cell wall pH may be influenced by FC and CHI.
Increasing the pH of the receivers from pH 3.0 to pH 9.0 causes a progressive increase in the basal secretion ofauxin. Thus these data are consistent with the effects observed with FC and CHI pretreatments and our assumptions regarding their effects on wall pH. That is, relative to uptake CHI increased auxin delivery similar to the high pH receivers whereas FC showed a lower delivery similar to the low pH receivers. We suggest that an auxin pretreatment eliminates the effect of receiver pH on basal secretion as a result of IAA-induced acidification which maintains the tissue at a constant acidic pH.
Our data confirm IAA uptake is indeed influenced by pH. However, increased uptake does not necessarily lead to increased delivery. Further, we find that basal secretion (polarity) is enhanced by increasing pH. This is opposite to what is predicted by the chemiosmotic hypothesis (4). It is possible that wall pH exerts its effect on pulse velocity and basal secretion by altering the activity of basal auxin transport carriers. Jacobs and Gilbert (6) have recently reported an immunofluorescence technique which localizes a presumptive auxin transport carrier in the plasma membranes at the basal ends of pea stem parenchyma cells.
